Increased expression of cyclin G1 and p21WAF1/CIP1 in neurons following transient forebrain ischemia: comparison with early DNA damage.
Oxidative stress affecting DNA integrity may be an important mediator of cell death induced by cerebral ischemia followed by reperfusion. Genes involved in the DNA repair processes may play an important role in cell viability. We studied the spatial expression of the DNA damage inducible gene p53 and its transcriptional targets p21WAF1/CIP1, cyclin G1, and Bax and compared their expression with markers of early DNA damage following 10 min of transient forebrain ischemia in rats. Cyclin G1 and p21WAF1/CIP1 mRNA levels increased significantly between 2.5 and 4-fold in neurons of the hippocampus, cortex, and striatum during the first 24 hr after reperfusion and decreased at 48 hr of reperfusion. Significant increases in the protein levels of Cyclin G1 and p21 WAF1/CIP1 were only seen in the striatum at 48 hr of reperfusion. The mRNA levels of the p21 family members p27KIP1 or p57KIP2 demonstrated no significant changes. p53, baxalpha, and bcl-xl mRNA levels increased in all areas of the hippocampus by 12 to 24 hr and decreased over the next 2 days of reperfusion. baxalpha mRNA was specifically induced in neurons of the outer cortical layers at 12 and 24 hr after reperfusion, and protein levels increased in the striatum at 48 hr. No changes in protein levels of p53, Bcl-xl, or Bcl-2 were detected in the cerebral cortex, hippocampus, or striatum at any time point following reperfusion. Single-stranded DNA breaks detected with DNA polymerase I-mediated in situ nick translation partly overlapped with nuclear cyclin G1 protein in the striatum, cortex, and hippocampus at 24 hr, however at 48 hr cyclin G1 remained elevated only in neurons bordering areas exhibiting DNA damage. Nuclear p53 protein, p21 mRNA, and baxalpha mRNA were absent in cells stained with the in situ nick translation method but p21 mRNA and baxalpha mRNA were increased in neurons adjacent to those with detectable DNA nick ends at 24 and 48 hr following reperfusion. The enhanced expression of cyclin G1, p21WAF1/CIP1, and baxalpha in neurons surviving transient forebrain ischemia may indicate their participation in an adaptive response to cerebral ischemia and reperfusion.